Introduction
Weak interatomic contacts are characteristic for compounds of arsenic(III) in the solid state f 1-3]. Such secondary bonds As---Y, which are frequently appreciably shorter than the van der Waals distance, tend to form in directions which are collinear with primary bonds As-X [4] , If these interactions are included, then coordination numbers of five and six have been established for all halogenoarsenate(III) anions studied by X-ray diffraction. These anions may be regarded as being derived from a hypotheti cal regular octahedral species AsXf,3-, in which three facially positioned As-X bonds are subsequently stretched, accompanied by a concomitant shortening and strengthening of the opposite primary bonds. In the case of fivefold coordination one of the ligands is completely expelled from the coordination sphere leading to a distorted square pyramidal arrangement, in which the apical position is occupied by what is essentially an As-X single bond.
The structural chemistry of the analogous halogenoantimonates(III) has been extensively studied [5] . Several authors have attempted to corre late Sb-X primary bond distances with those of the trans-sited Sb---X secondary interactions using semiempirical bond-valence expressions of the form s = (r/r0)~N or s = exp[(rc-r)/B], where s is the bond valence for an Sb -X distance r and r0 and N or r0 and B are constants for a particular atom pair [5] [6] [7] . A theoretical justification based on the angular over lap model has recently been provided by Burdett [8 ] for the application of such expressions to two centre -two electron bonds. However, their implementa tion in the case of three centre X -A---X interac tions (A = As(III), Sb(III)) can only be accepted if the assumption that the sum of the individual bond valencies around the central atom i, ?Sjj, remains equal to the formal valency V; (= 3) of this atom has validity. A simple qualitative molecular orbital ap proach [9] immediately indicates that this cannot be the case for the 14-electron species AsX6'_ and SbX63-. The occupied molecular orbitals for regular octahedral (Oh) symmetry may be classified as 1 alg (bonding), l t lu (3 x bonding), eg (2 x nonbonding) and 2alg (antibonding = HOMO). The LUMO dis plays tlu-symmetry (antibonding). Thus, there are two completely symmetric MOs (alg) produced by inphase or out-of-phase combinations of the central atom s orbital and the ligand AOs (Fig. 1) . MO nor malization requires that the antibonding 2 alg orbital will make a greater contribution to the total bond order than the bonding l a lg orbital. Application of the second-order Jahn-Teller con cept [10] indicates that 14-electron octahedral species will be unstable with respect to a distortion of t,u symmetry, which allows mixing of the HOMO and LUMO orbitals leading to a stabilization of the former 2 alg orbital. X-ray diffraction studies confirm that the tlu stretching mode (Fig. 1) is preferred over the alternative t )u bending mode by As(III) and Sb(III) halides in the solid state leading to the typical distorted octahedral geometry with three short and three long trans-sited A -X bonds. This approach demonstrates that there will be both an a,g (net anti bonding) and tlu (bonding) MO contribution to the total bond order of A -X bonds in halogenoarsenates(III) and -antimonates(III), in which the central atom displays a formally octahedral geometry. As the latter bonding contribution will be relatively more effective at longer range owing to the more diffuse character of the p-orbitals involved, the ob served distorted structure will be energetically favourable in comparison to a regular Oh-geometry. For the expected flat minimum, crystal forces will determine the experimental geometry.
Adoption of the three-centre approach of Rundle and Pimentel readily allows the extension of these ideas to geometries other than octahedral. Fig. 2 shows an MO diagram for symmetrical and asymmet ric X -A -X species. The driving force for distortion is once again the loss of antibonding interaction in the 1 ag+ orbital to be weighed against the loss of stabilization in the 1 au+ orbital.
In this work we present a full structural correlation for As-Br distances in bromoarsenates(III), which allows a metrical estimation of the antibonding influ ence of the As 4s-orbital. The energetic similarity of the As 4s-and the Br 4p-orbitals suggested a marked contribution of the former AO to the lcr"+ MOs. This represents the first example of regular octahe dral coordination for As(III) in a discrete anion characterized by diffraction methods.
Experimental
All preparations were performed under argon. In a typical synthesis 3 mmol of AsBr3 in 5 ml of abso lute CH3CN were added to a suspension of 3 mmol of the bromide of the required cation in 1 X-ray diffraction studies on [1] [2] [3] [4] Crystal and refinement data are presented in Table I . Reflection intensities were collected on an Enraf-Nonius CAD 4 diffractometer. Empirical ab sorption corrections were applied. The structures were solved by direct methods (MULTAN-82) and refined by full-matrix least-squares. Hydrogen atoms at calculated positions were included in the final cy cles for 2 and 3. These atoms were assigned a joint isotropic temperature factor. The remaining atoms in 2 and 3 were refined anisotropically. Hydrogen atoms were not included in the final cycles for 1 and 4. For these compounds only the anion As and Br atoms were assigned anisotropic temperature fac tors. Weights were given by w = (cr(F0) + p 2F02) -1 with values of p listed in Table I . Positional param eters for the anion atoms As and Br in 1-4 are given in Table II , bond lengths and angles in the anions in Table III . For the sake of brevity the cation atoms are not included in Table II -A s 1 -Br4 170.26(3) Br3 -A s 1 -Br4' 88.58(3)  B r 4 -A s l -B r 4 ' 85.11(3) B r 2 -A s 1 of the second centrosymmetric [As?Br12]3_ anion. Only minor deviations from a perfect octahedral ar rangement are observed for the Br-As5 -Br angles; those for the bridging faces lie in the range 88.8(1)-89.1(1)°. This is the first example of an ef fectively regular octahedral coordination of As(III) in a discrete anion which has been established by X-ray diffraction for the solid state. In contrast to As5 the outer symmetry-related arsenic atoms As4 display the strongly tlu-distorted octahedral arrange ment typical for As(III) compounds with three short terminal As4-Br and three long bridging As4---Br bonds. The former bonds are only 0.075-0.092 Ä longer than the As-Br single bond distance of 2.33 Ä found for AsBr3 in the gas phase [HiSimilar geometrical arrangements are also ob served for the arsenic atoms A sl -As3 in the first independent [As3Br12]3~ anion. However, in this case, small but significant differences are found for the rraws-related As2-Br bonds to the central atom. As discussed in the Introduction, an Oh-geometry must represent an energy maximum for As(III) in species AsX63~, which will, therefore, be expected to display a tlu-distortion. In this context, it is therefore appropriate to pose the question as to whether the regular octahedral coordination determined by X-ray structural analysis for As5 is, indeed, that of individ ual anions in the crystal lattice or whether it is rather the net result of a disordered occupation of this site by anions with a central geometry similar to that of As2 in the first anion. It is not possible to provide an unequivocal answer. However, the observation of very similar equivalent isotropic temperature factors for the atoms of the central AsBr6 polyhedra in both anions provides experimental support for the former interpretation.
It is interesting to note that we have previously characterized a different trioctahedral [As3Br12]3_ anion in the salt [Et3NH]3 [As3Br12] [12] . In the case a central AsBr6 octahedron is connected via two faces with a common corner to two further AsBr6 octahe-dra. The bond distances to the central As atom lie between 2.483 and 2.862 Ä. The observation of dif ferent anion species reflects the structural influence of cations in the halogenoarsenates(III).
Centrosymmetric anions [As2Br8]2~ are found for both 2 and 3 (Fig. 4) . The difference between the rram-related A sl -Br3 and A sl -Br4 distances is markedly smaller in 3 (0.207 Ä) than in 2 (0.447 Ä). We had hoped that the piperidinium salt 4 would contain the [AsBr5]2-anion. However, the X-ray structural analysis revealed the presence of [As2Br9]3~ and Br" anions in a 1:1 ratio. The struc ture of the [As2Br9]'~ anion is depicted in Fig. 5 .
Structural correlation
The results of the present investigation taken together with our previous structural studies on [ [13] provide a total of 46 threecentre Br1-As(III) -Br2 interactions. A graphical structural correlation of opposite Br1 -As(rj) and Br2 -As(r2) distances is provided in Fig. 6 . It is im mediately apparent that, as discussed in the Intro- duction, Br-As distances in symmetrical or nearly symmetrical three-centre interactions (e.g. in 1 or in [pyH] [AsBr4]) are markedly longer than would be predicted by bond-valence expressions such as rn = r0 -Blnsn upon the assumption that the sum of the bond valencies Si+S2 remains constant at one. In this case the r! and r2 values should be represented by hyperbolic function of the form (r, -r0 )(r2 -r0) = C. where rG is 2.33 Ä, the value of the As-Br single bond distance for AsBr3 in the gas phase [11] and C is a constant (curve 1 ). An alternative way of demonstrating the reduction in the total bond valence for the three-centre Br1 -As-Br2 bonds, as r, increases from r0 to equal r2, is to calculate individual values of B for each ex ample upon the assumption that si+s2 = 1. As may be seen in Fig. 7 for 40 Br-As-Br interactions with rj -rD > 0.05 Ä (rt < r2), B increases steadily with the difference rj -r0, in order to compensate for the anti bonding contribution of the l a g+ orbital (Fig. 2) . which reaches a maximum for the symmetrical ar rangement with r! = r2. Six opposite As-Br bond pairs included in Fig. 6 with r] -r0 values less than 0.05 Ä were not used in this analysis, as the wide scatter of r2 values observed for the extremely weak secondary bonds falsifies the observed trend. A cor relation coefficient of 0.946 is obtained for the least squares line B = B0 + A(r, -ra) Our results suggest that it is possible to modify the semiempirical bond-valence expression rn= r0 -Blnsn
